Abstract The broad belt of intraplate volcanism in the East Atlantic between 25°and 37°N is proposed to have formed by two adjacent hotspot tracks (the Madeira and Canary tracks) that possess systematically different isotopic signatures reflecting different mantle source compositions. To test this model, Hf isotope ratios from volcanic rocks from all individual islands and all major seamounts are presented in this study. In comparison with published Nd isotope variations (6 eNd units), 176 Hf/ 177
Introduction
The origin of intraplate volcanism, often associated with ''hotspots'', is a subject of ongoing debate (e.g. Anderson 2001; Foulger and Natland 2003; Courtillot et al. 2003) . Proposed surface hotspots generally fall above two widespread seismic anomalies, or superswells, in the lower mantle (e.g. Zhao 2003; Torsvik et al. 2006 ) that are interpreted as large-scale thermal upwellings or superplumes (e.g. Ritsema et al. 1999; Becker and Boschi 2002; Zhao 2003; Suetsugu et al. 2009 ). Nevertheless, establishing a direct link between surface volcanism and deepseated superplumes remains controversial. A possible compromise assigns the source region of hotspots to different mantle depths: for example, smaller upper mantle plumes (''secondary plumes'') could originate from the top of the large superswells (Courtillot et al. 2003; Suetsugu et al. 2009 ) consistent with shallow mantle upwelling (e.g. Anderson 1998 ). One of the two recognized global lower mantle superswells is located beneath the African continent, the other beneath the Pacific Plate. The African Superswell extends roughly SE-NW from the southern Indian Ocean to the East Atlantic and can be traced upward 1,500 km from the core-mantle boundary (Ni et al. 1999; Becker and Boschi 2002) . A large concentration of hotspots, the Azores (e.g. Schilling 1975; White et al. 1976; Beier et al. 2008) , Madeira (e.g. Mata et al. 1998; , Canary (e.g. Morgan 1972; Hoernle and Schmincke 1993; Geldmacher et al. 2001 Geldmacher et al. , 2005 , and Cape Verde (e.g., Holm et al. 2006) can be found along the fringe of the superswell, on seafloor at the eastern edge of the African Plate. Recent seismic tomographic models indicate a low velocity anomaly in the upper mantle beneath the Canary Islands that merges with the Azores and Cape Verde anomalies at depths of 1,450-1,900 km before connecting to the African superswell in the deep mantle (Montelli et al. 2006) .
The present Hf isotope study focuses on the area between 27°and 36°N, where several old and recently active intraplate volcanic island and seamount groups can be found, including the Canary, Madeira, and Selvagen Islands (Fig. 1) . Although this is one of the geochemically best-investigated intraplate volcanic provinces on Earth (see Geldmacher et al. 2005 for overview), no Hf isotope ratios have yet been published for this region. Hafnium isotope ratios are a powerful tool for investigating intraplate volcanism and plume models, particularly in an oceanic setting where seawater/hydrothermal alteration can affect the Rb-Sr and U-Th-Pb isotope systems. Among the radiogenic isotope systems used as mantle source tracers, the Sm-Nd and, even more so, the Lu-Hf isotope systems show the most immobile behavior in chloride-controlled aqueous fluid environments both at low and at high temperatures (e.g. Stalder et al. 1998 ; Thompson et al. 2008) , making it particularly useful for investigating marine volcanic rocks. Hafnium is almost absent in seawater (average concentration of 0.00067 nmol/kg in the East Atlantic between 40 and 4,100 m water depth = 1.2 9 10 -7 ppm; Rickli et al. 2009 ). Furthermore, fractionation of the Lu/Hf ratio during partial mantle melting (e.g. between melt and cpx or garnet) is larger than that of the Sm/Nd ratio (e.g. Blundy et al. 1998) , resulting, over time, in greater time-integrated 176 Hf/ 177 Hf reservoir variations compared with 143 Nd/ 144 Nd. Thus, the presence of pyroxenitic lithologies (as proposed for many OIB lavas) has a major impact on the Nd and Hf isotopic systems (Hirschmann and Stolper 1996) . Lu and Hf are also strongly fractionated by the Earth's sedimentary cycles, where Hf is a major constituent in the resistant heavy mineral zircon. In contrast to the rare earth element (REE), Lu and the high field strength element Hf, Sm and Nd, two neighboring REEs, are not fractionated significantly from each other in sedimentary systems (e.g. Vervoort et al. 1999) . The net effect is that Hf isotopes are a sensitive tracer for source variations in intraplate magmas, such as those resulting from the presence of recycled crustal material in the magma source (e.g. Blichert-Toft et al. 1999) . To supplement the current geochemical data base for eastern North Atlantic intraplate volcanism and to reassess previously proposed regional hotspot models, we here present Hf isotope measurements for 61 samples from the Selvagen, Madeira and Canary Island groups, and from major seamounts in that region, including Ampère, Unicorn, Seine, Dacia, Conception, Nico, Essaouira (working name ''Lars'' in previous publications), and Last Minute, which vary in evolutionary stage and mantle source signature. Sr, Nd, and Pb isotope ratios have been published previously for these samples. In addition, we also present new Sr, Nd, and Pb, together with their Hf isotope data, for samples from six Canary islands.
Geological overview and summary of previous work
Regional models for the origin of eastern Central-Atlantic intraplate volcanism can be grouped into non-plume models (e.g., Schmincke 1982; King and Anderson 1998; Anguita and Hernán 2000; King and Ritsema 2000) , plume models (e.g., Burke and Wilson 1972; Duncan 1984; Hoernle and Schmincke 1993a, b; Hoernle 1998; Carracedo 1994; Mata et al. 1998; Widom et al. 1999; Gurenko et al. 2006) , or any combination of both (e.g. Carracedo et al. 1998; Geldmacher et al. 2005 Geldmacher et al. , 2006a Schmincke and Sumita 2010) . Plume models range from multiple narrow, individual hotspots (e.g. Hoernle and Schmincke 1993b; Geldmacher et al. , 2001 ) to largescale regional upwellings and mega plumes (e.g. Hoernle et al. 1995; Merle et al. 2006 Merle et al. , 2009 Ar age dating, the regional volcanic pattern can be interpreted to reflect two parallel but independent hotspot tracks, Madeira and Canary (Morgan 1972; Duncan 1984; Geldmacher et al. 2001 Geldmacher et al. , 2005 . The present location of the Madeira and Canary hotspots are considered to be at the southwestern ends of the tracks, at Madeira and Hierro Islands, respectively (e.g. Hoernle and Schmincke 1993a, b; Caracedo et al. 1998; Geldmacher et al. , 2005 ) (see Fig. 1b, c) . The existence of at least two distinct magma sources is further supported by distinct Pb and Nd isotope trends observed in volcanic rock samples from both hotspot chains (e.g., Geldmacher et al. 2001) . Samples collected from islands and seamounts of (Fig. 2a, b) . This relationship becomes even clearer, if the volcanic massifs along the coast of SW Portugal (see Fig. 1a Bernard-Griffiths et al. 1997) , are also considered as being part of the Madeira hotspot track .
Another enigmatic feature that does not fit into a simple hotspot model is the Madeira-Tore Rise. Results of 40 Ar/ 39 Ar and U/Pb age determinations, as well as paleontological constraints, recently revealed that this *1,000-km-long submarine ridge was initially formed in the Late Cretaceous (Geldmacher et al. 2006a; Merle et al. 2006) . Based on plate tectonic reconstructions and gravity data, the Madeira-Tore Rise could have formed as an aseismic ridge (e.g., Peirce and Barton 1991) possibly by interaction of the westward-migrating Mid-Atlantic spreading center with the early Canary hotspot (Geldmacher et al. 2006a ). According to plume-ridge interaction models in which a ridge crosses a hotspot (e.g., Schilling et al. 1985; Sleep 2002) , aseismic ridges continue to form as long as the plume is near enough to the ridge for buoyant plume material to flow along the base of the lithosphere toward the ridge. If the migrating ridge becomes too distant to allow for this process to take place, a distinct new hotspot track forms on the new plate leaving a spatial gap of surface volcanism between the aseismic ridge and the onset of the new hotspot track. The onset of the Canary hotspot track on the African plate is proposed to be located near Essaouira seamount (Fig. 1 ) appearing at around 70 Ma (Geldmacher et al. 2001 (Geldmacher et al. , 2005 (Geldmacher et al. , 2006a . This model is further supported by the isotopic composition of dredge samples from the Cretaceous base of the Madeira-Tore Rise (Lion and Teresa Seamounts at the southern and northern ends of the rise, respectively) plotting well within the Canary domain field (Fig. 2) . Although only the measured Pb isotope ratios are plotted in Fig. 2 (Geldmacher et al. 2006a) . Alternatively, these isotopically enriched samples (high Pb but low Nd isotope ratios) lie on an extension of the Madeira array. The few available isotope data from young Madeira-Tore Rise volcanism make it difficult to determine whether its enriched endmember should be attributed to the Canary or the Madeira domains, or whether it is a component distinct from both. This Miocene to recent volcanism at the northern Madeira-Tore Rise maybe caused by local extension resulting in shallow mantle decompression melting along and near the Azores Gibraltar Fracture zone. Such melts could mingle with trapped Canary domain material left from the time of the rise's formation or tap recent Madeira domain material, which could have spread out at the base of the lithosphere toward the rise. However, both explanations are not entirely satisfying since one location (Dragon Seamount, from which the only dated sample yielded a young 40 Ar/ 39 Ar plateau age of 3.94 ± 0.30 Ma, Geldmacher et al. 2006a) lies at the southern end of the Madeira-Tore Rise (far away from any known active fault zone). The alternative model, attributing the origin of the entire Madeira-Tore Rise and the neighboring islands and seamounts of the Madeira domain to a long-lived thermal anomaly (mega plume) with a generally but broad southward-migrating, pulsating magma production below the lithosphere (Merle et al. 2006; Merle et al. 2009 ) would allow for an easier integration of this outlier sample from Dragon Seamount. Recent swath bathymetric mapping, however, supports the existence of local extension zones at the northern end of the MadeiraTore Rise (Zitellini et al. 2009 ).
Below, we will evaluate the new Hf isotope data in light of the hotspot models proposed above. Martins et al. (2010) . Common mantle endmember ''C'' composition after Hanan and Graham (1996) . LVC (''Low velocity component''), a previously proposed common enriched endmember, after Hoernle et al. (1995) Sample selection and analytical techniques Sixty-one representative samples from all volcanic islands and major seamounts were selected for this study (Table 1) . Most samples are of mafic, mainly basaltic composition, with Mg-numbers within or near the range of magmas in equilibrium with mantle olivine (68) (69) (70) (71) (72) (73) (74) (75) . No correlation, however, was found between Mg-number and 176 Hf/ 177 Hf ratios in the present data set, implying that magma fractionation processes can be neglected. Majorand trace element concentrations, Sr, Nd, and Pb isotope ratios, and age information of all Madeira, Selvagen and seamount samples are reported in , Geldmacher et al. (2001 Geldmacher et al. ( , 2005 and are compiled in Appendix 1. Corresponding Sr, Nd, and Pb isotope ratios of all Canary samples used in this study are given in Table 2 .
Hafnium separation chemistry for all but three samples was carried out at San Diego State University using rock powders prepared from carefully hand-picked whole rock chips. For chemical separation, we followed the procedure of . About a quarter of the samples were measured at Ecole Normale Supérieure in Lyon using a first-generation ''VG Plasma 54'' multiple collector magnetic sector inductively coupled plasma mass spectrometer (MC-ICP-MS) in one consecutive measurement session. Hf/ 177 Hf is 0.000008 (2r). The majority of the samples were measured on a second-generation ''Nu Plasma HR'' at San Diego State University with an average in-run precision of 0.000003 (2r). An in-house standard (cross-calibrated to JMC-475) was measured every three samples to monitor machine performance. Five samples (three new samples from Seine and Unicorn Seamounts and two samples previously measured in Lyon) were chemically processed and measured at IFM-GEOMAR in Kiel on an AXIOM MC-ICP-MS (see Geldmacher et al. 2006a for operating details and machine performance). To ensure compatibility of all data and to rule out any possible machine bias, all isotope ratios measured in Lyon, San Diego, and Kiel were normalized by standard bracketing relative to 176 Hf/ 177 Hf = 0.282162 for JMC-475. As shown in Table 1 , normalized duplicate analyses of samples processed/measured in San Diego/ Lyon and Kiel (Ma 17 and Ma 88) are within analytical error of each other.
The Sr, Nd, and Pb isotope ratios of most Canary Island samples were measured at UC Santa Cruz on a VG54-30 TIMS using chemical separation techniques as described in Nd/ 144 Nd = 0.511850 ± 0.000006 (n = 7). All Pb isotope ratios were externally fractionation-corrected by 0.115%/amu derived from the normalization of measured NBS981 values to the NBS981 reference values of Todt et al. (1996) .
Results
Present-day Hf-Nd isotopic values are plotted in Fig. 3 together with the global mantle array (e Hf = 1.4 e Nd ? 2.8; Blichert-Toft, unpublished compilation). The 176 Hf/ 177 Hf isotopic ratios span a large range (over 14 eHf units in contrast to only 6 eNd units). Samples from the Madeira archipelago are most radiogenic, largely overlapping the field for central Atlantic MORB. They seem to form a relatively narrow, elongated trend (stretching over [ 6 eHf units) between a composition similar to the radiogenic MORB endmember and a composition located on or slightly below the mantle array. Samples from Seine and Unicorn seamounts, attributed to the Madeira hotspot track or ''Madeira domain'', show less radiogenic Hf isotope ratios than the Madeira archipelago samples. Their isotopic compositions, however, lie along an extension of the Madeira trend. This observation generally holds also for plots of Hf versus Pb and Sr isotope compositions (Fig. 4) . In contrast to Madeira, all Canary archipelago samples plot below the mantle array, despite representing many islands from a larger geographic area, and form a dense cluster with less compositional variation (*4 eHf units). All samples from the seamounts northeast of the Canary Islands, proposed to belong to the same Canary hotspot track or ''Canary domain'', fall within the same 176 Hf/ 177 Hf isotopic range of this cluster (with no apparent geographic-compositional relationship). Interestingly, the cluster partly overlaps the proposed common mantle endmember ''C'' composition (Hanan and Graham 1996) and seems to span a space between ''C'' and a more radiogenic, depleted composition (having higher Hf and Nd isotope ratios) and a HIMU-like endmember (having low 176 Hf/ 177 Hf for a given 143 Nd/ 144 Nd and falling well below the mantle array). Note that the two samples from the Cretaceous Madeira-Tore Rise basement (Lion and Teresa) plot well within the Canary cluster. This compositional relationship and the general contrast between the two Madeira and Canary domains are also seen for plots of Hf isotopes versus all other available isotope systems (Fig. 4) .
Discussion

Genetic relationships
The new Hf isotope data show that East Atlantic intraplate volcanism samples can be divided into two separate groups in any radiogenic isotope plot, emphasizing the proposed spatial-compositionally distinct Madeira and Canary domains. Noticeable exceptions are samples from the NE part of the proposed Madeira hotspot trace, which are less distinct (Unicorn, Seine) or even overlap (Ampere, Ormonde) with the Canary domain Hf isotope composition (Figs. 3, and 4). As mentioned above, one possible explanation could be a progressive influence of continental lithosphere to the Madeira hotspot source with decreasing distance to the Eurasian continental shelf . Although such a process is obvious for proximal Ormonde Seamount (Fig. 1) , the underlying mechanism is less clear for Seine and Unicorn located [400 km from the nearest continental shelf (Fig. 1) . Alternatively, the early path of the Madeira hotspot was influenced by material from the nearby Canary hotspot. The Madeira-Tore Rise may have formed as an aseismic ridge by sublithospheric flow of Canary plume material at a time when the migrating MidAtlantic spreading center was above or near the Canary hotspot (Geldmacher et al. 2006a) . This model is supported by the two Cretaceous samples from the Cretaceous Madeira-Tore Rise basement (Lion and Teresa) plotting well within the Canary domain cluster in all isotope diagrams (Figs. 2, 3 , and 4). Eventually, the flow of plume material to the departing ridge ceased and a new hotspot track formed (at some distance from the ridge) on the new, overriding plate (Sleep 2002) . The path of the Madeira hotspot crossed the gap between the Madeira-Tore Rise and the proposed onset of the Canary hotspot track (at Essaouira seamount) on the African plate (Holik et al. 1991; Geldmacher et al. 2001 Geldmacher et al. , 2005 . Rising magmas from the Madeira hotspot could have mobilized and mingled with residual Canary plume material that was frozen at the base of the lithosphere. The Madeira domain magma source may have developed its compositional distinctness with increasing distance from the described Madeira-Tore Rise-Canary domain corridor.
Origin and interaction of the Madeira and Canary magma sources
It is generally accepted that isotopic variations in mantle sources of intraplate volcanic rocks are largely caused by recycling of lithospheric material (e.g. Armstrong 1968; Question mark signalizes that the given ages are not based on direct radiometric age determinations but rather on field relationships and are therefore uncertain. Reference for sample location, age and respective Nd, Pb and Sr isotope data: (1) Geldmacher et al. (2000); (2) Geldmacher and Hoernle (2000); (3) Geldmacher et al. (2001); (4) Geldmacher et al. (2005); (5) this study (see Table 2 ). Anal. Zindler and Hart 1986; Hofmann 2003; Sobolev et al. 2007 ) with the classical HIMU endmember being attributed to recycling of the basaltic portion of subducted oceanic crust (e.g. Hofmann and White 1982; Zindler et al. 1982; Chauvel et al. 1992) . MORB basalts have a lower Lu/Hf ratio than their source (because part of the melting takes place in the presence of garnet that retains HREEs; Salters and Hart 1989; Hirschmann and Stolper 1996) , leading to a time-integrated decoupling of Hf from Nd isotope ratios (e.g. Salters and White 1998) . The older the melting event that formed the crust, the more the 176 Hf/ 177 Hf ratio lags behind, resulting in isotopic compositions that plot progressively farther below the Nd-Hf mantle array (black squares in Fig. 5) . Therefore, the different Hf isotope ratios of the respective enriched endmembers for the Madeira and Canary domains could be explained simply by a different age of the recycled crust component in their specific magma sources. It should be noted, however, that subducted crust also comprises sediments that may be stored in varying proportions together with the basaltic protolith. Although subducted (pelagic) sediment has a composition above and to the far left of the mantle array (i.e., radiogenic Hf for a given Nd isotopic composition; eHf & ?2, eNd & -8.9, Plank and Langmuir 1998; Vervoort et al. 1999; Chauvel et al. 2008) , mixtures of recycled crust containing less then 10-15% sediment will still plot below the mantle array (Stracke et al. 2003; Fig. 5 , this study). Chauvel et al. (2008) proposed that the Nd and Hf isotope characteristics of all ocean islands forming the mantle array can be explained by mixtures of recycled oceanic basalt with varying proportions of similarly aged subducted sediments, subsequently mixed with depleted mantle peridotite. Following this simple model, the enriched, HIMU-like endmember in the Canary domain could be explained by mixtures of slightly [1-Ga-old recycled oceanic crust with minor but variable additions (0-10%) of similarly old sediment (Fig. 5 ). This would be consistent with combined Pb and Os isotope studies suggesting an age of 1.2 Ga for the enriched Canary Island endmember (Widom et al. 1999) . The narrow Madeira domain field would require a more restricted proportion (6-8%) of sediment addition for its enriched endmember. It is unclear to which extent the recycled material is reflected in the most enriched available samples, but a recycling age of \1 Ga for the subducted crust/sediment component seems reasonable (Fig. 5) , consistent with a proposed recycling age of \1 Ga inferred from Nd and Pb isotope ratios of Madeira samples that plot well below the NHRL . It remains a matter of debate to what extent any subducted sediment can contribute to a HIMU-like source without significantly impacting its Pb and Sr isotopic compositions (see discussion in Stracke et al. 2003 ). Because of the highly different abundances of the trace elements Sr and Pb in sediment versus MORB, any sediment contribution that is sufficient to move subducted ocean crust compositions toward the OIB array on Nd vs Hf isotope plots (Fig. 5) should also result in a noticeable trend toward low 206 Pb/ 204 Pb ratios and high 86 Sr/ 87 Sr ratios (e.g. Stracke et al. 2003) , which is not observed in Fig. 4b, c. On the other hand, the isotopic effect of sediment addition depends on the process responsible for imparting the sediment signature (e.g. bulk sediment contribution, hydrothermal exchange, or sea water alteration). One explanation could be the postulated decoupling of the Lu-Hf from the Rb-Sr and U-Pb isotope systems during the subduction process due to preferential removal of Pb and Rb relative to U and Sr (e.g. Kelley et al. 2005) . A further explanation could be related to the assumed young age of the recycled sedimentary material involved (\1.2 Ga).
The lower Hf and Nd but higher Pb isotope ratios of the Canary domain samples (compared to Madeira) cannot just reflect an increased contribution of the enriched recycled component in the magma source. It is suggested that such enriched components exist as pyroxenitic or eclogitic veins (gt-pyroxenites) within the depleted peridotitic mantle matrix (e.g. Zindler et al. 1984; Allègre and Turcotte 1986; Hirschmann and Stolper 1996) . To assess the contribution of peridotitic versus recycled pyroxenitic-eclogitic mantle Common mantle endmember ''C'' composition after Hanan and Graham (1996) Hf ratios (0.28295-0.28310) based on Hanan et al. (2000) . See Fig. 2 for symbols, fields, and additional Nd data sources sources, Sobolev et al. (2005 Sobolev et al. ( , 2007 developed a method based on Ni, Ca, and Mn concentration in olivine phenocrysts. By applying this method to samples from the western Canary Islands, however, it was recently demonstrated that the enriched, HIMU-like isotope signature resides in a peridotitic mantle source lithology, whereas the relatively depleted endmember can be attributed to a pyroxenitic source interpreted as relatively young (\1 Ga) recycled oceanic crust (Gurenko et al. 2009 ). This relatively young recycling time may preserve both its eclogitic petrology and its MORB-like isotopic composition. In contrast, a longer recycling time ([1 Ga) for the enriched, HIMU-like component would suffice to develop enriched isotopic signatures and to stir its eclogitic component into the peridotitic mantle matrix. As opposed to the Canary samples, olivine phenocryst compositions from enriched Madeira shield stage samples show high Ni concentrations indicating derivation from an enriched pyroxenitic source (Gurenko, personal communication) , which is also consistent with observed correlations of whole rock major and trace element compositions with isotope ratios in recent Madeira lavas (Geldmacher et al. 2006b ): enriched Pb and Nd isotope compositions correlate with elevated Fe, K, and high Zr/Hf and with low Al concentrations, indicating derivation from eclogitic (pyroxenitic) sources based on high-pressure melting experiments (e.g. Kogiso et al. 1998 Hf data from the Madeira and Canary domains and the Madeira-Tore Rise in various isotope spaces. See Fig. 2 Gurenko et al. (2009) as ''\1 Ga recycled ocean crust''. It is interesting that the isotopic composition of this component, common to both the Madeira and Canary domains, also overlaps with the proposed common mantle component ''C''. The ''C'' concept, observed in both MORBs and OIBs, is based on linear arrays in Pb isotope space that converge to a central component that has intermediate Pb, Sr, and Nd (and Hf) isotope ratios (Hanan and Graham 1996) . ''C'' is interpreted as relatively young recycled oceanic crust of various ages that has incorporated continental Pb (e.g. hydrothermal exchange with sediment and/or sea floor alteration) before subduction. Note that the interpretation of ''C'' differs from the similarly defined FOZO component (FOcus ZOne) that was originally proposed to represent Fig. 3 ) compared to present-day compositions of recycled oceanic crust (MORB) of varying ages (black squares) and mixtures of these crusts with associated sediments having the same recycling age (bold gray arrows with tick marks indicating 5% increments of sediment addition). Modeled MORB crust was extracted at times 0.5, 1, and 1.5 Ga from a mantle source reservoir that was fractionated at 3.9 Ga (main upper mantle fractionation) with parent/daughter ratios of relatively undifferentiated, lower mantle (Hart et al. 1992 ). More recently, Stracke et al. (2005) redefined FOZO as a recycled crust component ''formed by continuous subduction and aging of that crust'' which is essentially the original ''C'' interpretation of Hanan and Graham (1996) .
The moderately enriched ''C''-like component seems to be not only present in the Madeira and the Canary domains but, based on Sr, Nd, and Pb isotope data, also form a possible mixing endmember for the Cape Verde and Azores magma sources (Millet et al. 2009) (Fig. 2) . The available Hf isotope ratios from São Miguel and Pico islands in the Azores (Beier et al. 2007; Elliott et al. 2007) and Santiago Island in the Cape Verdes (Barker et al. 2009) seem to support this model (Figs. 3, and 4) . On the other hand, such a model appears less obvious on the uranogenic Pb diagram for the Canary domain (Fig. 2a) , unless the linear Canary correlation is considered as being formed by multiple trends between a ''C''-like composition and a range of less to more radiogenic Pb isotope endmembers respectively. If a common ''C'' component, derived from recycled oceanic lithosphere, is assumed for all East Atlantic hotspot sources, it may be located within or at a boundary layer at the top of the African superswell to which these hotspots seem to be connected in the tomographic images of Montelli et al. (2006) .
Distinct compositional trends for the individual island groups (Madeira, Azores, Cape Verde, and possibly the Canaries) radiating from the intermediate Pb, Hf, and Nd isotope space of the ''C'' component would then represent the unique fingerprint of the individual upwellings (secondary hotspots) ascending from the top of the superswell. For the Madeira domain, this would be a simple mixture with isotopically more depleted material , while for the Canaries it would be a more complex mixture of the ''C'' component with a somewhat older, recycled HIMU-like source and a depleted (upper mantle) MORB source-like endmember. According to this model, the HIMU-like source either also resides in the area of the secondary plume origin (above the superswell, dragged up as a surrounding sheath from the source region of the plume; e.g. Lohmann et al. 2009) or gets entrained by the ascending plume material at upper mantle depths (Meyzen et al. 2007 ). In the latter case, the enriched HIMU-like material could reside in the subcontinental lithospheric mantle.
Conclusions
1. The Hf isotope data confirm the geochemical distinction between the Canary and Madeira volcanic provinces (domains) in the East Atlantic. Hf ratios of the enriched Canary domain indicate a contribution of material having slightly older recycling ages (C1 Ga). 4. The more widespread Canary domain isotope composition reflects a more complex (heterogeneous) source mixture. The Hf isotope data point toward involvement of a third component that appears to be similar to the Madeira domain enriched endmember. This component has intermediate Pb, Hf, and Nd isotope ratios and largely overlaps with the proposed common mantle endmember ''C''. 5. It is possible that ''C'', seen in both Madeira and possibly Canary domains (and in the nearby Azores and Cape Verde hotspots), reflects material residing at the top or in a boundary layer directly above the large African superswell to which all the secondary East Atlantic hotspots seem to be connected based on tomographic models.
